Abstract: Acute respiratory distress syndrome (ARDS) is an acute hypoxemic respiratory failure with lung oedema of non cardiac origin. Its primary treatment is mechanical ventilation. ARDS is under the spotlights with influenza A pandemic flu. An operating definition has been set out by an experts-consensus conference in order to include patients in clinical trials. However, this definition lacks diagnostic accuracy when compared with lung pathology. The conventional mechanical ventilation has two main objectives: firstly, preservation of arterial blood oxygenation, and secondly, protection of the lung from excessive volume or pressure at the end of inspiration. It has been demonstrated that high tidal volume can increase mortality as compared to low tidal volume. The setting of positive end-expiratory pressure (PEEP) is still not solved. Three large randomized controlled trials failed to demonstrate any benefit between a high and a low level of PEEP. A fascinating strategy of mechanical ventilation is lung recruitment, which is defined as an increase in aerated lung mass by reducing non-aerated or poorly aerated lung mass. Recruiting the lung is useful because it can improve oxygenation and limit ventilator-induced lung injury. Lung recruitment depends not only on the ventilatory settings but also on lung and patient. Several adjunct treatments can be used, as prone position or various pharmacological interventions (inhaled nitric oxide). There are several non conventional methods to deliver mechanical ventilation, such as non invasive mechanical ventilation, liquid ventilation, none of them being recommended to date. Finally, the use of extracorporeal lung support is gaining further interest.
INTRODUCTION
The Acute Respiratory Distress Syndrome (ARDS) has been described more than 40 years ago in US soldiers during the Viet-Nam war [1] . It remains so far a fascinating diseased condition and is still the top medical illness to deal with in the ICU. It is a syndrome, not a disease, with a crude incidence of 78.9 per 100,000 person-years and an ageadjusted incidence of 86.2 per 100,000 person-years in the US [2] . Its mortality remains devastating ranging between 40 to 60% and remains stable over time [3] . At present time, ARDS is under the spotlight with the pandemic influenza A H1N1 [4] . Besides recognizing and treating aetiology of ARDS, mechanical ventilation is usually required to oppose the very severe hypoxemia that characterizes this condition. Invasive mechanical ventilation is the most common method to deliver respiratory assistance. It has become largely recognized that mechanical ventilation can further damage the lung, leading to the concept of ventilator-induced lung injury (VILI) [5] . The main component of VILI is the overdistension of healthy lung areas due to an excess of endinspiratory lung volume. Indeed, the survival of patients with ARDS has been shown to increase from a reduction in tidal volume and a limitation of end-inspiratory plateau pressure in a large North-American randomized controlled trial [6] . This special issue aims at focusing on the lung imaging in ARDS. Lung imaging has played a major role to stretch our understanding on the effects of mechanical ventilation in ARDS. The pioneering works of Gattinoni and coworkers by using CT scan raised some fundamental concepts, such as the baby lung and the sponge theory. CT scan raised up the heterogeneity of the lung injury [7] . The CT scan can quantify the amount of recruitment and overdistension in the lungs during mechanical ventilation. Furthermore, lung imaging has the potential to measure lung inflammation, by using PET-scan [8] . Other imaging modalities have the potential to detect at the bedside the amount of recruitment and overdistension.
Before deciphering in great details the lung imaging modalities in this special issue, in the first chapter we will concentrate on the definition and go over the ventilatory management and some adjunct therapies of ARDS.
DEFINITION
Basically, the ARDS should be defined from pathological changes. The alveolar-capillary membrane can be targeted by direct or indirect insult ( Table 1 ) which increase permeability of the barrier [9] . The endothelial part of the alveolar-capillary membrane is targeted in case of indirect lung injury, as in septic shock. The epithelial part of the barrier is involved in case of pneumonia. After the original injury two consecutive phases evolve. The first, or acute phase, consists of a non hydrostatic, increased-permeability pulmonary oedema with accumulation of fluid into the interstitium and the alveolar spaces. This fluid is proteinrich, and contains cells, fibrin, pro-inflammatory and procoagulant molecules. The alveolar space also contains hyaline membranes. Taken together these pathological findings are termed diffuse alveolar damage, which defines the ARDS. At this stage, the lung can completely recover after total fluid resorption and inflammation control or may evolve toward the second phase. This phase is a chronic or fibroproliferative phase. The air spaces are filled with mesenchymal cells [9] and collagen. This alveolar fibrosis frequently does not recover prolonging the stay in the ICU, the duration of invasive mechanical ventilation, the occurrence of ventilator-associated pneumonia and increasing the risk for death. The mechanisms which promote lung repair or non resolution are largely unknown. The currently accepted definition of ARDS relies on the following four criteria: 1) acute onset of the respiratory failure, 2) new bilateral infiltrates on frontal chest-X-Ray, 3) severe hypoxemia as defined as PaO 2 /F I O 2 ratio 200 mmHg, where PaO 2 is the arterial partial pressure of oxygen and F I O 2 the inspired fraction of oxygen, and 4) no evidence for an increased left atrial pressure. PaO 2 /F I O 2 ratio 300 but greater than 200 mmHg defines acute lung injury (ALI). This is an operating definition stemming from a consensus conference of experts in the field [10] . Operating means that ARDS is suspected from this definition, making the patient at risk for having the ARDS. However, the basic tenets of ARDS, namely increased lung permeability, increased extravascular lung water and lung inflammation, are not specifically identified by this definition. In a series of autopsy, the accuracy of this definition was only moderate [11] . Even though this definition is apparently simple and should allow detection of ARDS on large scale, ARDS was unrecognized in almost 25% of the cases in the ICU [12] . The lung injury score has been proposed to define ARDS but is less used [13] .
VENTILATORY MANAGEMENT OF ARDS
The mechanical ventilation is the first line therapy in the majority of the ARDS patients due to profound and acute hypoxemia, marked reduction of lung compliance and resulting high work of breathing, and other organs dysfunction [14] . Mechanical ventilation in ARDS has two major objectives, which should be reached simultaneously. The first is to obtain a safe oxygenation. That means that mechanical ventilation should improve oxygenation but also avoid normoxemia. Normal PaO 2 is not a target, since it might be obtained by inappropriate and harmful settings, such as high F I O 2 or high Positive Ned-Expiratory Pressure (PEEP). The current goal is to maintain PaO 2 between 55 and 80 mmHg. There is no rationale for these thresholds other than the fact that they have been safely used in a very large number of patients [6, [15] [16] [17] [18] . As important as preserving safe oxygenation, the other major objective of mechanical ventilation is to protect the lung from VILI. There are several ways to use mechanical ventilation. The conventional mechanical ventilation is to use ICU ventilators in controlled modes, either volume-controlled or pressurecontrolled mode, depending on the expertise of the ICU. Recruitment manoeuvres and adjunct non ventilatory treatments can be added to the conventional mechanical ventilation. The non conventional mechanical ventilation includes non invasive mechanical ventilation, high frequency oscillation ventilation, liquid ventilation, exogenous surfactant administration. Finally, extracorporeal oxygenation and/or CO 2 removal techniques can be used in specific settings.
Conventional Mechanical Ventilation

Volume Controlled Mode
Volume-controlled mode is the most frequently used ventilatory mode in the ICU worldwide [19] . This is particularly true in ARDS. This mode of ventilation delivers a preset tidal volume in a preset insufflation time at a given respiratory rate. The way to set the ventilator in ARDS has dramatically changed after the demonstration that using low tidal volume in volume controlled mode reduced the absolute mortality by 9% and the relative mortality by 25% as compared with high tidal volume [6] . One of the hypotheses subtending these results was reduction of lung and systemic inflammation from the prevention/reduction of overdistension. This study brought several new and key features to standardize the ventilatory settings in the daily practice. The first was to select the tidal volume according to the height and gender of the patients, and hence according an ideal weight predicted by the size. The investigators reasoned that the variables associated with lung volumes are age, gender and mostly height. And so should go the tidal volume. Therefore, the low tidal volumes used [6] was 6 ml/kg ideal and not actual body weight and the high tidal volume was 12 ml/kg ideal body weight. This is now a major recommendation to reduce tidal volume between 4-8 ml/kg ideal body weight. The plateau pressure, a surrogate of transpulmonary pressure, was monitored in the study and was maintained below 30 cm H 2 O, which was thought a safe threshold to avoid overdistension at the end of inspiration. However, recent studies cast some doubt about the safety of this threshold in any patient since overdistension measured from the CT scan was observed in more than 30% of the ARDS patients ventilated with a 6 ml/kg ideal body weight and a plateau pressure below 30 cm H 2 O [20] . The respiratory rate was increased up to 35 breaths per minute to compensate for the lowering of tidal volume and, hence to minimize hypercapnia and respiratory acidosis. The F I O 2 and PEEP were selected according to a table which provided steps of F I O 2 -PEEP combinations. Average PEEP in both groups was 9 cm H 2 O [6] . This large scale study validated the concept of VILI from overdistension and changed our practice of mechanical ventilation. However, VILI may also result from a repeated opening and closure of small airways over the respiratory cycles, which can promote lung inflammation [21] . Ventilation at low tidal volumes enhances the risk for this phenomenon to occur. This kind of VILI has been termed low volume barotrauma or atelectrauma and can be minimized by PEEP [22] . Furthermore, the lung inflammation can be exported outside the lungs towards the kidney and the small intestine leading to multiple organ failure [23] . Since PEEP may protect the lung from the atelectrauma, the effect of PEEP on survival in ARDS patients was tested. PEEP was selected from F I O 2 -PEEP tables which were designed to select either high PEEP-low F I O 2 or low PEEP-high F I O 2 [17] . Survival was not different between the high PEEP group, 13 cm H 2 O on average, and low PEEP group, 8 cm H 2 O on average [17] . Mercat et al. conducted a randomized controlled trial in France over 760 patients with ALI/ARDS testing two levels of PEEP selected on a different background [24] . Whilst tidal volume was set at 6 ml/kg and plateau pressure maintained below 28-30 cm H 2 O, PEEP was selected according to two strategies. The first was the minimal distension strategy and the second the increased recruitment strategy. The resulting average PEEP was 9 and 14 cm H 2 O PEEP, respectively. The survival was not different between groups. However, patients in the high PEEP group had higher number of free-ventilatory days. A third study also showed no difference in patient survival between the two groups in which PEEP averaged 10 and 15 cm H 2 O, respectively [25] . In the present time, the issue of setting PEEP is still an open question.
Recruitment Manoeuvres
Recruiting the lung, that is increasing the aerated lung mass as a result from a reduction of not or poorly aerated lung mass, is a relevant objective of mechanical ventilation in ARDS since it can improve oxygenation and prevent VILI. However, how much recruitment has to be provided with is unknown. Recruitment occurs during tidal breaths. Performing recruitment manoeuvres is a strategy that aims at briefly increasing the plateau pressure above 30 cmH 2 O in order to overcome the critical opening pressures of the lung units. There are different methods to recruit the lung, as sighs [26] , sustained inflation [27] , extended-sighs [28] . After the recruitment manoeuvre, a sufficient amount of PEEP should be set to maintain the recruitment. A full recruitment strategy has been proposed with the goal to increase the airway pressures by steps up to 35 cm H 2 O of PEEP and 60 cm H 2 O of plateau pressure over 20 minutes in pressure controlled mode with a constant driving pressure of 15 cm H 2 O [29] . It must be stressed that the response to the recruitment attempts depends not only on the kind of manoeuvre but also on lung and patient-related factors. Recruitment manoeuvres are currently not recommended in routine but can be applied in case of life-threatening hypoxemia [30] .
Adjunct Therapies to the Conventional Mechanical Ventilation
Several methods can be added to the conventional mechanical ventilation, whose major goal is to improve oxygenation by manipulating the lung ventilation to perfusion ratio. These are inhaled nitric oxide (NOi), prone positioning (PP), and almitrine bismesylate. NOi can improve oxygenation by redirecting blood flow towards well ventilated lung areas and can reduce arterial pulmonary artery pressure, which is frequently high in the ARDS. However, no beneficial effect has been proven on patient outcome and, hence NOi is not recommended in routine in the ARDS [31, 32] . PP is a simple method to improve oxygenation by maintaining the pulmonary blood flow in dorsal regions which become non dependent and better aerated from the proning. A reduction of overdistension has also been observed in ARDS patients with PP [33] . However, no significant benefit has been proven after 4 randomized controlled trials have been completed so far [34] [35] [36] [37] . Some concerns have been raised about side effects related to the procedure [37] . PP cannot be routinely recommended in ARDS and, should it be applied be reserved to the more hypoxemic patients and performed for more than 12 hours. Almitrine bismesylate redistributes the pulmonary blood flow away the poorly ventilated lung areas [38] . No study has been conducted to test its effect on patient outcome. It cannot be recommended in routine, but could be used in case of life-threatening hypoxemia as recruitment manoeuvres, NOi and PP.
Other Pharmacological Approaches
Fluid Management
The increased permeability of the alveolar-capillary membrane enhances the transendothelial fluid rate and, hence the amount of lung oedema if the microvascular pressure is increased or the microvascular colloid osmotic pressure is decreased. This can be obtained by large fluid administration or hypoalbuminemia. As severe sepsis or septic shock is the leading cause of ARDS and large fluid resuscitation is required and recommended in this setting [39] , a restrictive fluid administration strategy could be considered in the ARDS, once the circulatory condition is restored. Liberal and restrictive fluid strategies were found not different for survival [15] . The number of ventilatoryfree days and of organ dysfunction were significantly reduced in the restrictive group [15] . Some small size controlled studies suggested that albumin infusion may be beneficial on intermediate physiological end-points [40] .
Neuromuscular Blockade
Intubation and mechanical ventilation in ARDS commonly requires deep sedation in the first hours or days. Adding neuromuscular blockade is controversial since neuromuscular blocking agents (NMBA) were sought to be associated with prolongation of weaning and critical illness neuromyopathy, even though the evidence for this is quite low, if any. Use of NMBA and sedation as compared to sedation alone for 48 hours in ARDS patients was associated with better oxygenation [41] and less lung and systemic inflammation [42] . A multicenter randomized control trial recently completed but not yet published as full format showed an increase in survival with the use of NMBA. This effect could be explained by a reduction in lung inflammation and/or a prevention of VILI by limiting the transpulmonary pressure all over the lung in the early stage of ARDS.
Exogenous Surfactant Administration
Alterations in the metabolism of endogenous surfactant have been repeatedly shown in the ARDS leading to the idea that the exogenous administration of natural or synthetic surfactant may be effective [43] . Extensive research has been done in this area. Several trials administering surfactant either via nebulization [44] or via fiberoptic bronchoscopy [45] have been completed. To date, no study showed any benefit to patient outcome. In the latest trial, there was a trend toward higher mortality in the surfactant group [46] .
Steroids
In the late stage or unresolved ARDS the use of steroids can be considered. However, the data are very conflicting about their net effects and no clear recommendation can be made. The largest trial done so far showed no difference in patient outcome between steroids and placebo and even suggested that steroids may be harmful if started more than 2 weeks after the onset of ARDS [18] .
Beta2 Adrenergic Receptors Agonists
Intravenous beta2 receptors agonists, which can enhance lung oedema resorption, have been shown to reduce the amount of extravascular lung water as compared to placebo in ARDS [47] . A large scale study is ongoing assessing the effect of this intervention on patient outcome.
Activated C Protein
Activated C Protein a compound with anti-inflammatory, profibrinolytic and antithrombotic properties has been shown to increase survival in patients with septic shock [48] . In a randomized placebo-controlled trial this molecule demonstrated no significant effect on ventilator-free days in ARDS [49] .
Spontaneous Breathing During Conventional Mechanical Ventilation
Allowing spontaneous breathing during mechanical ventilation is thought to minimize the use of sedation and to help recruiting poorly or not ventilated dorsal lung areas by diaphragmatic contractions [50] . The most studied mode is the Bi Phasic Airway Pressure (BIPAP). In this mode, a high and a low time-cycled level of pressurization are accommodated by the ventilator. At each of these levels, the patient can unrestrictly superimpose her/his own spontaneous breathing. When there is no spontaneous breathing, BIPAP is just a pressure controlled time-cycled mode. Clinical benefit of BIPAP in ARDS has been suggested by small size studies [51, 52] , which showed improvement in oxygenation and systemic hemodynamic, and reduction in mechanical ventilation duration and ICU stay. Large scale studies are required.
Non Conventional Mechanical Ventilation
Non Invasive Mechanical Ventilation
Non invasive mechanical ventilation (NIV) should be used with caution in case of ARDS and is even not recommended for safety reason [53] . Indeed, between the NIV sessions and, most importantly, in inadvertently facial mask removal the patient is suddenly exposed to ambient air and, hence severe acute hypoxemia may occur with harmful effects [54] . In immuno-compromised patients, however, the use of NIV is beneficial and should be preferred as first line [55, 56] .
High Frequency Oscillation Ventilation
High Frequency Oscillation Ventilation (HFO) delivers small tidal volumes at high respiratory rate (up to 15 Hz). This lowers the mean lung distending pressure. The addition of small breaths increases the diffusion mechanism of gas exchange. The goal of HFO is to set the tidal breathing in a safety window above substantial recruitment and below overdistension. In controlled trials, HFO failed to demonstrate any benefit to patient outcome [57, 58] . This technique should be reserved in centers which developed expertise with this technique.
Liquid Ventilation
In Liquid Ventilation, the lungs are filled with oxygenated perfluorocarbon, which is a liquid compound, through the endotracheal tube up to their functional residual capacity. The lungs are also ventilated with gas which is that usually used with conventional mechanical ventilation. The physiological benefits of liquid ventilation come from the followings: oxygen and carbon dioxide transportation along a gradient over the alveolar-capillary membrane, liquid PEEP due to his high specific weight, surfactant-like activity, anti-inflammatory effects. A multicenter phase II trial showed no adverse events associated with perfluorocarbon administration in patients with ARDS. However, there was no benefit to survival [59] . A multicenter phase III trial comparing two regimens of perflubron (10 and 20 ml/kg body weight) to conventional mechanical ventilation was terminated after an interim analysis performed in 311 patients showed no benefit [60] . The negative results of these two clinical trials marked the end of support for further research in this field [61] .
Extracorporeal Oxygenation/CO 2 Removal
Extracorporeal techniques have been used for many years in ARDS. The blood diverted from the body flows through a membrane which provides for pure oxygen and eliminates CO 2 . Clinical controlled trials failed to demonstrate any clinical benefit [62] . However, recent technical improvement and refinement and recent clinical data make this technique of consideration in the most severe ARDS patients. To date, there are 3 kinds of extracorporeal lung support. The first is the extracorporeal membrane oxygenation (ECMO) in which the blood is pumped from a large vein, mostly the inferior vena cava, and flows back to the patient either through a large vein, in general internal jugular vein, or the aorta. The venovenous ECMO is appropriate in the most severely hypoxemic patients, with a PaO 2 /FIO 2 ratio lower than 50 or 60 mm Hg under F I O 2 100% after having optimized the conventional mechanical ventilation. The venoarterial ECMO is appropriate in case of associated cardiogenic shock due to right or left ventricle failure. The pump can generate a flow rate up to 7 L/min, depending on the size of the canulations. The second is the pumpless arteriovenous extracorporeal lung support, in which the flow rate is the cardiac output [63] . This technique generates blood flow amounting to 1 L/min. Finally, low flow (up to 400 ml/min) venovenous extracorporeal lung support [64] has recently been implemented in order to maintain plateau pressure below 28 to 30 cm H 2 O by avoiding severe respiratory acidosis which would result from too low VT. A recent multicenter randomized controlled trail done in the UK compared ECMO performed in a single reference center to conventional mechanical ventilation in patients with acute respiratory failure [65] . This trial showed an improvement in the major end-point, which was survival or no disability at 6 months, in the ECMO group. However, the mortality at 6 months was not statistically significant between groups. Furthermore, some methodological concerns were pointed out: ARDS was not defined according to the consensus definition, making it difficult to compare with other studies, 22 patients allocated to the ECMO group did not receive ECMO, and mechanical ventilatory strategies were not described in both groups. At any rate, ECMO has been used in the recent H1N1 pandemic flu in the western countries. In Canada, ECMO was used in 4.2% of the 168 adults or children with confirmed or probable 2009 influenza A [66] . In Australia and New Zealand, 68 patients received ECMO and 71% of them survived [67] . Large scale multicenter randomized controlled trials are mandatory, in which ECMO is performed in the ICU and lung protective mechanical ventilation is applied in the control group.
CONCLUSIONS
Mechanical ventilation in ARDS is one the hottest challenge the intensivist has to deal with to date. ARDS can be safely managed in the ICU only but it can be aggravated if mechanical ventilation is not appropriately set. To date, the only measure which has been proven to be efficient to patient outcome is the reduction of tidal volume and limitation of the end-inspiratory plateau pressure. The patients who should be involved in the clinical trials testing any of the interventions outlined above or any other intervention whose goal is to improve patient survival are those with the most severe hypoxemia, i.e. PaO 2 /F I O 2 ratio equal to or below 150 mmHg, or even lower, with F I O 2 greater than 50% and PEEP greater than 5 cm H 2 O.
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